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TO ALL WHOM IT MAY CONCERN: 

Be it known that I, In Su KIM, a citizen of the Republic of Korea, 
residing at 150-703 Hwanggolmaeul-Jugong-l-danji, 955-1 Youngtong-Dong, Paldal-Gu, 
Suwon-Si, Kyounggi-Do, Republic of Korea have invented new and useful METHODS 
OF MANUFACTURING SEMICONDUCTOR DEVICES, of which the following is 
a specification. 



METHODS OF MANUFACTURING 
SEMICONDUCTOR DEVICES 

FIELD OF THE DISCLOSURE 
[0001] The present disclosure relates generally to semiconductor 
devices, and, more particularly to methods of manufacturing a semiconductor 
device which improves an electrical characteristic of the semiconductor 
devices by preventing generation of voids and divots in an oxide layer of a 
trench. 

BACKGROUND 
[0002] The Local Oxidation Of Silicon (LOCOS) process using a 
nitride layer has been used as an isolation technology for manufacturing 
semiconductor devices. However, the LOCOS process has a drawback in that 
it causes a phenomenon wherein a silicon oxide layer in the general shape of a 
bird's beak makes inroads into an active region. In order to complete the 
LOCOS process, new isolation technologies have been developed. Among 
these new technologies, a Poly Buffer LOCOS (PBL), a Recessed LOCOS (R- 
LOCOS) and other processes have been widely used. However, these 
technologies also have drawbacks in that these processes are complicated and 
they do not prevent the bird's beak phenomenon. Thus, the bird's beak 
phenomenon limits high-integration of semiconductor devices. Furthermore, 
since a considerable step between the surfaces of the oxide layer on the active 
region and a field region of the silicon substrate is generated, a planarizing 
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process should be successively performed to reduce the step between the 
surfaces of the regions. 

[0003] Recently, an improved Shallow Trench Isolation (STI) process 
has been introduced. The STI process has advantages in that it achieves an 
excellent isolation property and a small occupying area so that, when 
compared with conventional isolation technology, using the STI process is 
very advantageous in promoting high-integration of semiconductor devices. 

[0004] The STI process is performed by forming a trench on a field 
region of a semiconductor substrate, filling the trench with a gap-filling oxide 
layer, and performing a Chemical Mechanical Polishing (CMP) of the oxide 
layer so as to planarize the oxide layer. Accordingly, a field oxide layer is 
formed in the trench of the field region of the semiconductor substrate. 

[0005] The oxide layer that fills the trench generally includes an 0 3 - 
Tetra-Ethyl-Ortho — Silicate (TEOS) Atmospheric Pressure Chemical Vapor 
Deposition (APCVD) oxide layer and a High Density Plasma Chemical Vapor 
Deposition (HDP CVD) oxide layer, which have excellent filling and 
planarizing properties. 

[0006] However, when the prior art STI process has been completed, 
divots have frequently been generated in the oxide layer near an upper corner 
portion of the trench. Furthermore, since the upper corner portion generally 
has an angular shape, a gate oxide layer is grown thinner on an edge portion of 
the active region adjacent to the upper corner portion than on the other 
portions of the active region. Thus, an electric field is concentrated at the edge 



portion of the active region, so that degradation of an electrical characteristic 
and increased leakage current is caused. 

[0007] Recently, in consideration of this problem, a method of 
preventing the concentration of the electric field at the edge portion of the 
active region has been proposed. This proposed method seeks to prevent the 
noted electric field concentration by making the upper edge portion of the 
trench round. To this end, a pull back process is employed to wet-etch a 
nitride layer, (an intermediate layer of an etching mask for forming the 
trench), transversely. 

[0008] The conventional STI process using this pull back process is 
conducted as shown in Figure 1. First, an oxide layer 1 1, a nitride layer 13 
and an oxide layer 15 are successively deposited on a semiconductor substrate 
10 such as a single crystal silicon substrate. Then, using photolithography, an 
opening 16 is formed in the oxide layer 1 1, the nitride layer 13 and the oxide 
layer 15 above the field region of the semiconductor substrate 10. Then, using 
the oxide layer 15 as an etching mask, the field region of the semiconductor 
substrate 10 is etched to a depth of 3000 to 4000 A, so that a trench 17 is 
formed in the field region of the semiconductor substrate 10. 

[0009] As shown in Figure 2, using the pull back process, the nitride 
layer 13 is etched a distance D of 200 to 300 A from the opening 16 by a 
phosphate solution, so that a groove 1 8 is formed on the edge portion of the 
nitride layer 13 between the two oxide layers 1 1 and 15. By filling the groove 
1 8 with an oxide layer 19, it is possible to prevent generation of divots in the 
oxide layer 1 9 during a subsequent procedure of wet-etching the oxide layer. 



[0010] As shown in Figure 3, using a conventional low pressure CVD 
process, O3-TEOS CVD process, or HDP CVD process, the oxide layer 19 is 
deposited on the surfaces of the insulating layer 15, the trench 17 and the 
groove 1 8 in a thickness required for gap-filling the trench 1 7, (for example, 
5000 to 6000A). 

[0011] Although not shown in the drawings, using a conventional 
CMP process, the oxide layer 19 is planarized and the oxide layer 15, the 
nitride layer 13 and the oxide layer 1 1 are etched to expose the surface of the 
active region of the semiconductor substrate 10, thus, completing the STI 
process. 

[0012] However, in the prior art method, when the trench 1 7 is filled 
with the oxide layer 19, the oxide layer 19 is likely to not completely fill the 
groove 18 due to the aspect ratio of the groove. As a result, voids may 
possibly be generated in the oxide layer 19 in the groove 18. As a result, 
divots may be generated in the oxide layer 19 in the trench 17, thereby 
increasing the leakage current of the semiconductor device and deteriorating 
an electric characteristic thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] Figures 1 to 3 illustrate a prior art shallow trench isolation 
(STI) process. 

[0014] Figures 4 to 7 illustrate an example shallow trench isolation 
(STI) process performed in accordance with the teachings of the present 
disclosure. 



[0015] In the following description and drawings, the same reference 
numerals are used to designate the same or similar components, and so 
repetition of the description of the same or similar components will be 
omitted. 

DETAILED DESCRIPTION 
[0016] The entire disclosure of Korean Patent Application No. 10- 
2002-0085921 filed on December 28, 2002 is incorporated herein by reference 
in its entirety. 

[0017] Referring to Figure 4, a multi-layered insulating structure 
including a lower oxide layer 1 1, an intermediate nitride layer 13 and an upper 
oxide layer 15 is deposited on one side of a semiconductor substrate 10 (e.g., 
a single crystal silicon substrate). In the illustrated example, the thickness of 
the lower oxide layer 1 1 is about 25 to 200A and the thickness of the 
intermediate nitride layer 13 is about 1000 to 2000A. A TEOS oxide layer 
may be used as the upper oxide layer 15. Then, using a photolithography, an 
opening 16 is formed in the lower oxide layer 11, the intermediate nitride layer 
13 and the upper oxide layer 15 above the field region of the semiconductor 
substrate 1 0. Then, using the upper oxide layer 1 5 as an etching mask, the 
field region of the semiconductor substrate 10 is etched in a depth of, for 
example, 3000 to 4000A. A trench 17 is thereby formed in the field region of 
the semiconductor substrate 10. 

[0018] Referring to Figure 5, a groove 1 8 is formed on the edge 
portion of the intermediate nitride layer 1 3 between the two oxide layers 1 1 
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and 1 5. This groove 1 8 may be formed, for example, by using a pull back 
process to etch the intermediate nitride layer 1 3 a distance D of about 200 to 
300 A from the opening 16. A phosphate solution may be used for this 
process. By filling the groove 18 with a gap-filling oxide layer 23 as shown in 
Figure 7, it is possible to prevent generation of divots in the oxide layer 23 
filling the trench 1 7 during a subsequent procedure of wet-etching the oxide 
layer 23. 

[0019] Referring to Figure 6, a liner insulating layer 21, (for example, 
a liner oxide layer 21), is deposited in a thickness of, for example, about 100 
to 300 A along the surfaces of the groove 18 and the trench 17 (that is, on 
surfaces of the upper oxide layer 15, the trench 17 and the groove 18) using an 
atomic layer deposition (ALD) process). Such deposition of the liner 
insulating layer 21 is for preventing generation of voids in the gap-filling 
oxide layer 23 which would otherwise be caused by not completely filling the 
groove 18 with the oxide layer 23. 

[0020] Taking a closer look at the deposition of the liner oxide layer 
21, the semiconductor substrate 10 as shown in Figure 5 is mounted in a 
vacuum container (not shown) for atomic layer deposition. SiFL* gas is then 
introduced into the container, thereby allowing the SiFU gas to be chemically 
absorbed in a material of the exposed portion of the semiconductor substrate 
10. Then, the introduction of SiFL* gas is stopped. Purging gas (e.g., N 2 gas), 
is then introduced into the vacuum container, thus, completely discharging the 
remaining SiYU gas in the vacuum container. The introduction of the purging 
gas is stopped and O2 gas is introduced into the vacuum container. This 



allows O2 gas to be chemically absorbed again in the layer in which the SiR* 
gas has been previously absorbed. Accordingly, an oxide layer is deposited in 
an atomic layered thickness in the trench 17 and groove 18 and on the oxide 
layer 15. The introduction of O2 gas is then stopped and purging gas, (e.g., N 2 
gas), is introduced into the vacuum container, thus completely discharging any 
possibly remaining 0 2 gas in the vacuum container. By repeating such a series 
of processes, the liner oxide layer 21 can be deposited in a desired thickness, 
(e.g., 100 to 300 A). 

[0021] Since the ALD process is performed such that the liner oxide 
layer 21 is deposited using a chemical reaction, the liner oxide layer 21 can be 
deposited at low temperature. The deposition rate of the liner oxide layer 2 1 
varies with the deposition temperature. As a result, it is preferable to perform 
the deposition of the liner oxide layer 21 at a temperature of about 250 to 350 
°C. 

[0022] Referring to Figure 7, using a conventional low pressure CVD 
process, O3-TEOS CVD process, or HDP CVD process, the gap-filling oxide 
layer 23 is deposited on the liner oxide layer 21 in a thickness required for 
filling the trench 17 (e.g., 5000 to 6000A).. 

[0023] As explained above, the liner oxide layer 21 is deposited on 
surfaces of the upper insulating layer 15, the trench 17 and the groove 18 
using the ALD process. The gap-filling oxide layer 23 then fills the trench 1 7 
to, thus, completely fill the groove 18 with the gap-filling oxide layer 23. As a 
result, defects such as voids are not generated in the gap-filling oxide layer 23 



of the groove 1 8 and divots are also not generated in the gap-filling oxide 
layer 23 of the trench 17. 

[0024] Although not shown in the drawings, the oxide layer 23 is 
planarized using a conventional CMP process. The oxide layer 15, the nitride 
layer 1 3 and the oxide layer 1 1 are etched to expose the surface of the active 
region of the semiconductor substrate 10, thus completing the STI process. 

[0025] As a result of the process described above, the leakage current 
of the semiconductor device is reduced and, therefore, an electric 
characteristic of the device is improved. 

[0026] As described above, the method of manufacturing a 
semiconductor device is performed by forming a multi-layered insulating 
structure on a semiconductor substrate 10, forming an opening 16 in the 
insulating layer so as to expose a field region of the semiconductor substrate 
10, forming a trench 17 in the field region of the semiconductor substrate 10, 
forming a groove 1 8 on an edge portion of an intermediate layer 13 of the 
multi-layered insulating structure by transversely wet-etching the intermediate 
layer 13 using a pull back process, depositing a liner insulating layer 21 on the 
multi-layered insulating structure, and filling the trench 17 with a gap-filling 
oxide layer 23. Accordingly, it is possible to fill the groove 18 with the 
insulating layer 23 without generation of voids, so that it is possible to prevent 
generation of divots in the insulating layer 23 of the trench 1 7. Further, it is 
possible to reduce leakage current of the semiconductor device and, an 
electrical characteristic of the semiconductor device can thereby be improved. 
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[0027] From the foregoing, persons of ordinary skill in the art will 
appreciate that the above disclosed methods solve the above-mentioned 
problems occurring in the prior art by reducing the generation of divots in the 
oxide layer 23 of the trench 1 7. Further, the above disclosed methods reduce 
the leakage current of the semiconductor devices, thus, improving an electric 
characteristic of those semiconductor devices. 

[0028] To these ends, a disclosed method of manufacturing a 
semiconductor device includes: forming a multi-layered insulating structure on 
a semiconductor substrate 10; forming an opening 16 in the insulating 
structure so as to expose a field region of the semiconductor substrate 1 0; 
forming a trench 17 in the field region of the semiconductor substrate 10; 
forming a groove 1 8 on an edge portion of an intermediate layer 1 3 of the 
multi-layered insulating structure; depositing a liner insulating layer 21 in a 
desired thickness along a surface of the multi-layered insulating structure 
including surfaces of the groove 18 and the trench 17; and filling the groove 18 
and the trench 17 with a gap-filling oxide layer 23. 

[0029] The groove 18 is filled with the oxide layer 23 without 
generating voids, thus preventing the generation of divots in the oxide layer 23 
of the trench 17. 

[0030] Although certain example methods and apparatus have been 
described herein, the scope of coverage of this patent is not limited thereto. 
On the contrary, this patent covers all methods, apparatus and articles of 
manufacture fairly falling within the scope of the appended claims either 
literally or under the doctrine of equivalents. 



